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SYNOPSIS

INTRODUCTION

The Colorado pikeminnow (Ptychocheilus lucius) is the largest native minnow in North America
and an endemic species in the Colorado River Basin. Historically, it was once widely distributed in the
upper and lower Colorado River basins, but now the population range has been reduced by 80 percent
because of interactions with introduced fishes, construction of dams, and other habitat modifications
(Carlson and Muth 1989; U.S. Fish and Wildlife Service 1992; Tyus 1991). Although the Colorado
pikeminnow no longer exists in lower basin, its populations still continue to thrive in the upper basin.

The greatest numbers are found in the Green River subbasin (Tyus and McAda 1984; U.S. Fish and
Wildlife Service 1990; Tyus 1991).

Colorado pikeminnow migrate during June and July to two spawning sites, Yampa Canyon or
Gray/Desolation Canyon, where they spawn over cobble substrates. Newly hatched larvae drift
downstream to one of two nursery areas in alluvial reaches of the Green River (McAda et al. 1998; Tyus
and Haines 1991), one downstream of the Yampa Canyon spawning site in the middle Green River (RM
200-319), and the other downstream of the Gray/Desolation Canyon site in the lower Green River (RM
0-120). The numbers of age-0 Colorado pikeminnow in the nursery areas varies greatly from year to year
(Bestgen et al. 1998; McAda et al. 1998), but standardized monitoring between 1986 and 1997 showed
average catch was three times as great in the lower Green nursery (McAda et al. 1998). Age-0 Colorado
pikeminnow occupy low-velocity backwater habitats and may have only two or three months to grow and
accumulate fat reserves before entering their first winter (Thompson et al. 1991).

Overwinter survival during the first year of life is a primary factor determining year-class strength
of most temperate zone fishes (Garvey et al. 1998), including Colorado pikeminnow (Haines et al. 1998).
Winter is a period of reduced growth, depletion of energy reserves, and heightened mortality risk. Small

changes in the rate of growth or mortality of eggs, larvae, and juvenile have been shown to substantially
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impact population recruitment (Houde 1987; Bestgen et al. 1997). Winter mortality is often size-
selective, but the magnitude of size selectivity varies from year to year. To survive, young-of-year fishes
must reach a threshold size by late fall of their first growing season, because overwinter mortality
generally removes smaller individuals with low energy reserves (Oliver et al. 1979, Toneys and Coble
1979; Shuter et al. 1980; Post and Evans 1989; Schindler 1999). For larval and juvenile fishes, reaching
this threshold size confers a host of advantages during a time when mortality is typically high, including
lower probability of starvation due to higher prey capture rates, and decreased vulnerability to predators
due to improved swimming ability (Garvey et al. 1998).

Although young-of-year fish may reach the threshold size, other environmental factors, such as
ice formation, ice jams, cold water temperatures, and winter flow fluctuations, may impose additional
threats to overwinter survival. Winter flows in the middle Green River are influenced by releases from
Flaming Gorge Dam. It has been hypothesized that winter operations of Flaming Gorge Dam reduces
survival of age-0 Colorado pikeminnow because fluctuating discharge and associated changes in water
surface elevation modify the characteristics of nursery habitats which causes an increase in fish activity
(Carlson and Muth 1989; U. S. Fish and Wildlife Service 1992; Haines et al. 1998; Valdez and Cowdell
1999). Yet, a study by Hayse et al. (2000) found that adverse winter conditions in backwater habitats
including ice formation, ice jams, and flow-through conditions were likely more a function of local
upstream conditions than winter flow fluctuations initiated at Flaming Gorge Dam. However, higher
stage elevations produced by ice jams may inundate nursery backwater habitats and transform them into
unsuitable flow-through areas. In addition, as flows decline, fish must search for suitable habitats to
avoid being stranded. Winter flows may dismantle ice cover which acts as an insulator, allow the creation
of frazil ice, and may result in ice jams that increase river stage and inundate backwaters (Valdez and
Cowdell 1999). Each of these stressors may impact overwinter survival of young Colorado pikeminnow

by causing fish to redistribute to more suitable habitats at a time that is very costly energetically.
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However, the effects of winter flow fluctuations on overwinter survival, movement, and backwater
habitats in the Green River downstream from Flaming Gorge Dam have not been demonstrated in the
field.

The goals of this project were to: 1) evaluate the effects of winter operations of Flaming Gorge
Dam on the survival, distribution, and nursery habitats of age-0 Colorado pikeminnow; 2) determine
specific habitat changes and accompanying fish movements resulting from flow fluctuations; and 3)
develop a bioenergetics model to assist in interpreting field data and predicting the effects of conditions
other than those observed during the study. To address these goals, three interrelated studies were
conducted. The effects of stage fluctuations induced by hydropower operations, should they exist, are
presumed much greater at the nursery area in the middle Green River (91 miles below the dam) than in
the lower Green River (290 miles below the dam).

The first study (Report A: Kitcheyan and Haines 2004) was designed to use capture-recapture
procedures to estimate overwinter survival and monitor movement patterns of age-0 Colorado
pikeminnow. Secondly, a mixture of deep and shallow backwaters were selected on the Ouray National
Wildlife Refuge to evaluate the effects of fluctuating flows on these nursery habitats and fish found in
them.

The second study (Report B: Plampin and Beyers 2004) described the range of spontaneous
movement rates (activity) of age-0 Colorado pikeminnow in simulated winter conditions. Movement of
individual Colorado pikeminnow was determined by measuring movement of individual fish at four water
temperatures (1, 5, 10, and 15 °C) and at three levels of disturbance (0, 1, and 2 disturbances/min).

The third study (Report C: Beyers and Plampin 2004) dealt with the construction of a
bioenergetics model that described the energetics of age-0 Colorado pikeminnow in winter conditions.
Energetic characteristics of age-0 Colorado pikeminnow were measured in the laboratory and integrated

into a fish bioenergetics model. Accuracy of the model was evaluated by comparing predicted growth of
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Colorado pikeminnow to observed growth in an independent investigation. Then the model was used to
evaluate the potential for overwinter survival of age-0 Colorado pikeminnow to be influenced by changes
in fish activity.
STUDY OBJECTIVES

Each component of the Flaming Gorge Winter study had specific objectives to address
concerning the effects of winter operations of Flaming Gorge Dam on the survival, distribution, and
nursery habitats of age-0 Colorado pikeminnow. In Table 1, study objectives for each project are
presented and the reader is directed to the relevant draft report. The Colorado River Fish Project-Vernal,
Utah, was responsible for conducting field investigations (i.e., population estimates, winter fish sampling,
and monitoring stage fluctuations) in the alluvial reach occupied by age-0 Colorado pikeminnow.
Colorado State University was responsible for characterizing movement rates under simulated winter

conditions; and developing and evaluating a bioenergetics model for age-0 Colorado pikeminnow.



Table 1. Study objectives for Flaming Gorge Dam winter flow fluctuations on overwinter survival of

oung-of-year Colorado pikeminnow.

influenced by changes in fish activity.

Objectives: Overwinter Survival and Movement of Young-of-Year Colorado Addressed in:'
Pikeminnow Component

Determine if overwinter survival of age-0 Colorado pikeminnow was affected by A
winter operations of Flaming Gorge Dam.

Determine if backwater habitats are physically affected by fluctuating releases from A
Flaming Gorge Dam during winter.

Determine if winter movements are related to fluctuating releases from Flaming A
Gorge Dam.

Evaluate the assumptions of overwinter survival estimates and specifically determine A
how Colorado pikeminnow movements affect these estimates

Evaluate alternative methods for collecting age-0 Colorado pikeminnow in A
backwater, embayments, eddy, and main-channel shoreline habitats during the

winter.

Objectives: Movement Rates under Simulated Winter Conditions Component

Describe the realistic range of spontaneous movement rates (activity) of age-0 B
Colorado pikeminnow in simulated winter conditions.

Objectives: Bioenergetics Model Component

Construct a bioenergetics model that describes energetics of age-0 Colorado C
pikeminnow in winter conditions.

Evaluate the potential for overwinter survival of age-0 Colorado pikeminnow to be C

! Reports are referenced as follows: A - Kitcheyan and Haines 2004; B - Plampin and Beyers 2004; and C - Beyers

and Plampin 2004.

METHODS
Overwinter Survival and Movement of Young-of-Year Colorado Pikeminnow

Abundance Estimates and Overwinter Survival

Each year abundance estimates were conducted in autumn and again in spring using capture-

recapture methods (Haines and Modde 1996; Haines et al. 1998). Abundance estimates for autumn and

spring were computed using the computer program CAPTURE (White et al 1982). Our original study

plan called for three sampling passes between Bonanza Bridge and Ouray Bridge, a 40-mile reach.
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However, various problems required plan modification. In the fall of 1999, catch data from the
Interagency Standardized Monitoring Program (ISMP) and preliminary sampling effort by our office
showed low numbers of young-of-year Colorado pikeminnow in the middle Green River, suggesting
catch rates would be too low to calculate a meaningful population estimate. As a result, sampling was
confined to the Ouray Backwater Complex for fall 1999 and spring 2000, giving us the best opportunity
to obtain recaptures. Population estimates were made for two backwaters in this reach. The entire 40-
mile study reach was sampled in fall and spring, 2000, 2001, and 2002, although three passes were
completed only once, and two passes on all other occasions. A sampling pass consisted of seining all
backwaters > 30 m’ in area within this reach. Backwaters were defined as shallow ephemeral
embayments adjacent to the main river channel with no measurable water velocity. All Colorado
pikeminnow <100 mm total length (TL) were marked with syringe-injected elastomer (Northwest Marine
Technology, Shaw Island, Washington) and released into their backwater of origin. Fish recaptured in an
intermediate pass were marked again before release.

Overwinter survival probability was calculated by dividing each spring estimate by the estimate
from the previous autumn. Overwinter size selective growth and mortality were evaluated using
quantile-quantile (q-q) plots of young-of-year Colorado pikeminnow length-frequency distributions from

fall and spring (Post and Evans 1989; Converse et al. 1997; Post et al. 1998; McAda and Ryel 1999).

Movement

Young-of-year Colorado pikeminnow marked on each sampling pass were used to study
movement patterns. The 40-mile reach was divided into eight 5-mile sections. Different colors (e.g., red,
orange, yellow, green) and mark locations (i.e., base of the anal fin, left or right side of dorsal fin,
posterior or anterior of the dorsal fin) were used to distinguish fish among sampling passes and 5-mile

sections. Fish sampling began at Bonanza Bridge at river mile (RM) 289.4 and extended downstream to
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Ouray Bridge (RM 249). When a fish was recaptured, the marks allowed identification of the 5-mile
section or backwater where that individual fish was originally captured, capture history (e.g. if the fish

was recaptured repeatedly between passes or seasons), and the number of days between captures.

Winter Flow Fluctuations

Three distinct flow regimes for winters 1999-2000, 2000-2001, and 2001-2002 were proposed to
Bureau of Reclamation to evaluate the effects of fluctuating flows on the physical morphology of nursery
habitats (e.g., changes in area, water depth, velocity, ice cover) and fish inhabiting them. Flow regimes
for the first year were not manipulated but instead considered a stable flow regime. The second winter
called for a series of 5-d periods of daily fluctuations followed by a 9-d period of stable flows to produce
river stage changes at Jensen Gage (#9261000) of 0.10, 0.20, and 0.30. The final year of study proposed

a 90-d period of flow fluctuations at a level shown to invoke fish movement.

Winter Habitat Description and Winter Sampling

In conjunction with the proposed flow scenarios, a mixture of deep and shallow backwaters were
selected on the Ouray National Wildlife Refuge, a 12-mile section (RM 262-250) we call the Ouray
Backwater Complex. Each winter, two or three backwaters were chosen in close proximity to evaluate
effects of stage fluctuations. Three or four Optic StowAway® temperature loggers were placed into the
backwaters. A Trimble GeoExplorer [I® Global Positioning System (GPS) unit was used to outline each
backwater and locate depth measurements, temperature loggers, and trap locations. Various fishing gears
were utilized to capture small-bodied fish prior to, during, and after ice cover. Gear types included fyke
nets, clover traps, minnow traps, and seines. An Aqua-Vu® underwater camera was used to monitor fish
presence and behavior under ice for 6 to 8 h between1400 h and 0900 h (refer to Report A for a more in-

depth discussion on methods).
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Movement Rates under Simulated Winter Conditions Component

Y oung-of-year Colorado pikeminnow ranging from 45 to 55 mm TL were acclimated to
laboratory conditions. Movement rates were quantified by video interpretation of movement of
individual Colorado pikeminnow in an observation arena at four water temperatures (1, 5, 10, and 15°C)
and at three levels of disturbance (0, 1, and 2 disturbance/min). Regression analysis was used to fit
observed data to models that describe rates of movement as functions of water temperature and
disturbance. The best approximating models were identified using Akaike’s information criterion

(Burnham and Anderson 1998).

Bioenergetics Model Component

Construction and Evaluation of Bioenergetics Model

The bioenergetics model was constructed specifically for Colorado pikeminnow life stages and
temperature conditions that occur during winter in the Green River near Jensen, Utah. Energetic
characteristics of age-0 Colorado pikeminnow that were measured included: food consumption as a
function of fish size and water temperature; and metabolic rate as a function of fish size, water
temperature, and activity. Performance of the bioenergetics model was evaluated in two steps. First, the
model was used to estimate food consumption and respiration of Colorado pikeminnow in laboratory
studies described in this paper and the predicted outcomes were compared to observed responses. The
second evaluation step involved comparing modeled growth of Colorado pikeminnow to observed data
from an independent experiment (Thompson 1989).

To evaluate the effect of increased activity on overwinter survival, six simulations were
conducted using a variety of realistic fish sizes, temperature regimes, activity rates, and feeding
conditions. Each simulation started with fish sizes of 35, 45, or 60 mm TL feeding at 10% of maximum

ration for 118 d. At the end of each day, total length and fish condition (K) were updated. If fish growth
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was positive, total length was increased using a weight-length regression equation. If fish growth was

negative, total length was held constant at the value for the previous day.

RESULTS AND DISCUSSION
Overwinter Survival and Movement of Young-of-Year Colorado Pikeminnow

Population and Overwinter Survival Estimates

Over a three year period of this study, a total of 732 young Colorado pikeminnow ( 30-100 mm
TL) were captured, 404 were marked and released (fish captured on the last pass during spring sampling
were not marked), and 38 fish were recaptured. In the first year of the study (fall 1999, spring 2000), we
concentrated our sampling in the Ouray Backwater Complex and made population estimates for two
backwaters (BA) for the fall and spring. In BA#1 the estimate was 218 fish in the fall and 153 fish in the
spring; in BA#2 the estimate was 87 fish in the fall and 115 fish in the spring. All these estimates were
imprecise, with the coefficient of variation (CV) ranging from 0.22 to 0.83, the result of small numbers of
captures and recaptures. The probability of capture for individual fish was highly variable, ranging from
0.01 to 0.32.

The second kind of abundance estimate was for the 40-mile reach. For the autumn of 2000, we
estimated 735 age-0 fish in the reach, and for the spring 2001, we estimated 260 age-1 fish. For autumn
0f 2001, the estimate was 670 age-0; for spring 2002, the estimate was 1,320 age-1 fish. These estimates
were also highly variable, with CV ranging between 0.25 and 0.59. The probabilities of capture ranged
from 0.03 to 0.16. In general, the probabilities of capture were smaller for the 40-mile reach than for the
individual backwaters, because far fewer seine hauls per backwater were made.

Overwinter survival estimates for the 40-mile reach could not be calculated because population
estimates were too imprecise. Two of four spring estimates were greater than the corresponding fall

estimates. We looked at fall and spring length-frequency distributions for evidence of size-selective



mortality. Among the three winter periods, the 1999-2000 winter was the mildest(i.e., shortest duration),
and no overwinter size-selective mortality was observed. The 20002001 winter was intermediate in
severity, and overwinter mortality occurred, but it was not strong. The 2001-2002 winter had the greatest
severity and the greatest size-selective mortality. Others have also reported size-selective overwinter
mortality for young Colorado pikeminnow (Converse et al. 1997, McAda and Ryel 1999, Thompson et al.
1991). Higher survival of large fish was presumably the result of more fat reserves (Thompson et al.
1991, Beyers and Plampin 2004), and size at the end of the growing season was probably the result of
early arrival date in the nursery habitat (i.e., early hatching date resulting in longer growing season) and
warm summer water temperatures (Bestgen et al. 1997), but habitat availability and food abundance may

also have been important (Tyus and Haines 1991).

Winter Movements

Young Colorado pikeminnow moved only short distances both within autumn and spring
sampling and between autumn and spring sampling. Within autumn and spring sampling, 95% of the
recaptured young Colorado pikeminnow were within the same 5-mile section where they were originally
marked. Of the recaptured fish for which we could determine the backwater of origin, 68% were
recaptured in the backwater of origin, 94% were recaptured within 0.6 mile of the backwater of origin,
and all were captured within 3 miles of the backwater of origin. These fish were at large between 5 and
42 d.

Overwinter movement (between autumn and spring sampling) was about 3 miles or less. Of 14
fish that were marked in the autumn and recaptured the following spring, 13 were recaptured in the same
backwater and one fish was recaptured upstream 3 miles. We point out, however, that most of the fish we
captured were caught in the downstream portion of the 40-mile study reach, and therefore we only

sampled approximately 3 to 6 miles downstream from most marked fish, possibly underestimating the
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amount of downstream movement. Nevertheless, the evidence thus far suggests that most young
Colorado pikeminnow moved less than 6 miles during the winter period.

We hypothesize that age-0 Colorado pikeminnow exhibit an adaptive behavior wherein in the
summer and early fall they occupy backwater nursery habitats that provide refuge from the current,
preferred thermal conditions, and a productive environment where prey are likely to be encountered (Tyus
and Haines 1991). At this time, fish are widely distributed in the nursery area in deep and shallow
backwaters. But as temperatures cool in the fall, the shallower backwaters become cooler than the main
channel, even during the warmest part of the day. Fish tend to move downstream and congregate in the
deepest and largest backwaters where temperatures at the mouth of the backwaters do not fall below the
main channel temperature. It is in these large, deep backwaters that fish apparently overwinter (Haines
and Tyus 1990; Tyus and Haines 1991; Day et al. 1999). Occasionally during the winter, the river stage
increases, usually the result of an ice jam, and turns a backwater into a flow-through area. Some fish
respond by moving out of the area in search of nearby low-velocity habitats, but others respond by
finding low-velocity micro-habitats within the area of the original backwater, perhaps behind uneven
bottom contours. After ice-out and spring runoff begins, more backwaters become flow-through areas,

resulting in fish movement downstream.

Effects of Fluctuation Discharge from Flaming Gorge Dam

We were unable to test whether fluctuating flows from Flaming Gorge Dam influenced
overwinter survival, primarily because there were too few age-0 Colorado pikeminnow in our study reach
to make overwinter survival estimates, and secondarily because we could not obtain the winter flow
fluctuations because of the national energy emergency during the winters of 20002001 and 2001-20002
. Hence, we worked with the fluctuations provided during the normal Flaming Gorge hydropower

generation. Winter flows over three years ranged from 991 to 3,000 cubic feet per second (cfs), but the
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normal 24-hour releases usually ranged between 600 and 800 cfs, producing stage changes in the nursery
area of <0.1 m at the upper end and <0.01 m and the lower end. These fluctuations did not alter physical
morphology of backwaters studied in the Ouray Backwater Complex. These stage changes had only
minimal affect on backwater habitats and were limited to the upper end of the nursery area.

In contrast to flow fluctuations, the formation of ice jams, as observed in the 1999-2000 winter,
had far greater affect on backwater nursery habitats. Ice jams increased stage by 0.75-1.50 m, and
transformed many backwater habitats into flow-through areas. In association with backwater
transformation to flow-through environments, fish may be flushed into the surrounding system and incur
increased risk of injury, predation, and metabolic cost associated with the search for another suitable
nursery area (Haines et al. 1998; Muth et al. 2000). The role of fluctuating winter flows from Flaming
Gorge in the creation of ice jams is unclear to us. Valdez and Cowdell (1999) speculated that fluctuating
winter flows dismantle ice cover which facilitates the formation of frazil ice, and potentially results in ice
jams that increase river stage several meters thus inundating many backwaters. However, Hayse et al.
(2000) found that fluctuating winter flows did not dismantle ice cover or promote formation of frazil ice
and ice jams. Whatever the cause, it is likely that ice jams form at several locations on the middle Green

River nursery area in most years (Valdez and Cowdell 1999; Hayes et al. 2000).

Winter Sampling for Age-0 Colorado pikeminnow

Prior to ice formation, the most effective method for catching age-0 Colorado pikeminnow was
seining. Seining was most effective when backwaters were warm and became less efficient as
temperatures cooled. Colorado pikeminnow that occupied backwaters on the first pass during autumn
sampling often vacated them prior to subsequent passes, especially when slush ice was found in the
backwaters. During ice cover, all gear types were ineffective for capturing age-0 Colorado pikeminnow.

Over the three year study period, only one young-of-year Colorado pikeminnow was captured under ice
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with a seine. Seining under the ice was very laborious, and effort was limited to one to three seine hauls
per day.

The most efficient technique for under-ice sampling was the use of an underwater camera and
video cassette recorder. The equipment could be set up at various locations in the backwater to observe
diurnal, nocturnal, and crepuscular fish activity. Fish could be observed swimming in the water column
or staging along the substrate. The total number of fish could be counted over a 6- to 8-h time frame.
The information recorded, such as fish activity and temperature, was a representation of actual events
occurring in the field. Ideally, most species and age-classes (i.e., juvenile or adult) could be identified in
the video. Suckers and small cyprinids were easily identified. One or two suspected young-of-year

Colorado pikeminnow were observed.

Movement Rates under Simulated Winter Condition Component

Results of the investigation showed that the temperature-dependent response of fish movement in
the absence of disturbance was best approximated by an exponential model with the form y=0.0895¢"'°**"
where y is body lengths/s (bl/s) and t is temperature (°C). The influence of temperature on fish movement
was not consistent when environmental disturbance was present. Disturbance increased fish movement at
temperatures <10°C and decreased movement at 15 °C. Disturbance treatments were not intended to be
ecologically relevant, but they may have elicited a natural response to a perceived threat. Casual
observations revealed that fish frequently responded to the stimulus with rapid swimming followed by
cessation of movement near the substrate. This pattern of swimming was not completely spontaneous,
because a stimulus was required to elicit it, but the purpose of the disturbance treatments was to cause fish
to move at relatively high rates so that maximum spontaneous movement rates could be approximated.

This objective was achieved for temperatures <10°C. Maximum movement rates ranged from 0.82 bl/s at

1°C to 1.1 bl/s at 5°C. Other observations support the conclusion that these estimates approximate
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spontaneous rates. Beyers and Plampin (Report C) measured metabolic rates of Colorado pikeminnow in
a swimming respirometer and reported that at 1.5°C, 42- to 46-mm TL fish could swim continuously for a

minimum of 6 h at a velocity of 1 bl/s, but not at 2 bl/s.

Bioenergetics Model Component

Bioenergetics modeling predictions suggest that overwinter survival of age-0 Colorado
pikeminnow may be negatively affected if fish activity increases in response to human-induced changes
in the environment. Simulations showed that fish mass and condition consistently decline when water
temperatures are below 5°C. Mass and condition of fish decline faster when activity is increased because
energetic reserves must be used to offset the cost of higher metabolic rate.

Activity rates of age-0 Colorado pikeminnow in the Green River during winter are unknown
because direct observations of fish are difficult to obtain. Consequently, the approach used in this
investigation was to evaluate outcomes of realistic ranges of potential conditions including water
temperature regimes, activity rates, and food consumption rates. Of the factors investigated, fish activity
rates had the greatest influence on overwinter survival of age-0 Colorado pikeminnow. When activity
rates were at a relatively low spontaneous level, or at a moderate level of 0.5 bl/s, fish survived to the end
of the 118 d winter period. When activity was a relatively high level of 1 bl/s, age-0 fish did not survive

to the end of the winter period regardless of their size.

XV



SYNTHESIS

This study was unable to show that fluctuating winter flows due to releases from Flaming Gorge
Dam to meet hydropower needs added additional stressors to overwintering young Colorado pikeminnow.
Several investigators have hypothesized that winter operations of Flaming Gorge Dam influence age-0
fish survival (Carlson and Muth 1989; U. S. Fish and Wildlife Service 1992; Valdez and Cowdell 1996;
Haines et al. 1999). A 24-hr hydropower release from Flaming Gorge Dam during this study fluctuated
about 600 to 800 cfs, producing stage changes at the Jensen gage <0.1 m (93 miles downstream of
Flaming Gorge) and about <0.01 m at the Ouray bridge. These stage changes had only minimal affect on
backwater habitats and were limited to the upper end of the nursery area. These flow fluctuations did not
alter the physical morphology of backwaters studied in the Ouray Backwater Complex. The formation of
ice jams, however, had a far greater affect on the backwater nursery habitats, increasing stage by 0.75-
1.50 m, resulting in the transformation of many backwater habitats into flow-through areas. The role of
fluctuating winter flows from Flaming Gorge Dam in the creation of ice jams is unclear. Valdez and
Cowdell (1999) speculated that fluctuating winter flows may dismantle ice cover which acts an insulator,
allow the creation of frazil, and may result in ice jams that increase river stage several meters and
inundate many backwaters. Hayse et al. (2000), however, found that fluctuating winter flows from
Flaming Gorge Dam did not dismantle ice cover thereby promoting formation of frazil ice and ice jams.
Whatever the cause, it is likely that ice jams form at several locations on the middle Green River nursery
area in most years (Valdez and Masslich 1989; Valdez and Cowdell 1999; Hayse et al. 2000).

As a result, stage changes due to ice jams and frazil ice formation may force young fish to
redistribute and seek alternate low-velocity channel-margin habitats (Muth et al. 2000). Young Colorado
pikeminnow prefer low-velocity backwater habitats (Tyus and Haines 1991); when these habitats are
inundated, the fish abandon them and move to other low-velocity habitats, sometimes to other backwaters

several miles away and sometimes to low-velocity micro-habitats within close proximity of the inundated
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backwater from which they re-inhabit once the stage recedes. Other riverine fish have been documented
to behave similarly in response to ice formation, which reduces physical space and changes depth and
velocity. Atlantic salmon (Salmo salar) young-of-the-year redistributed to find suitable depth and
velocity habitats (Whalen et al. 1999). Whalen et al. (1999) found that young Atlantic salmon exhibited a
combination of strategies, first movement and then fidelity, suggesting an integration of strategies for
winter survival.

Winter survival of small fish is related to their ability to accumulate energy reserves (Oliver et al.
1979; Shuter and Post 1990). Small fish are at a disadvantage because basal metabolism increases as size
decreases, but there is no corresponding increase in energy storage capacity. Mortality of young
Colorado pikeminnow during winter has been attributed to exhaustion of lipid reserves (Thompson et al.
1991). Body weight and condition decline faster when fish activity increases, because energetic reserves
must be used to offset the higher metabolic rate. Bioenergetics model predictions suggest that overwinter
survival of age-0 Colorado pikeminnow may be negatively affected if fish activity increases in response
to human-induced changes in the environment. When activity rates were at low and moderate levels
(<0.5 bl/s), age-0 fish survived to the end of the winter period. But when activity was at a high level (1.0
bl/s), fish did not survive to the end of the winter period regardless of their size.

The objective of this investigation was to evaluate the effects of winter operations (i.e. flow
fluctuations) of Flaming Gorge Dam on the distribution, nursery habitat, and overwinter survival of age-0
Colorado pikeminnow. The magnitude of daily flow fluctuations in this study produced a stage change of
<0.1 m at the Jensen gage and <0.01 m at the Ouray bridge. These flow fluctuations did not directly alter
physical morphology of backwaters in the Ouray complex. Ice jams increased stage elevation by 0.75 to
1.50 m which transformed many backwater habitats into flow-through areas. Under these conditions,
overwinter movement (between autumn and spring sampling) of young-of-year Colorado pikeminnow

was about 3 miles or less. Mark-recapture population estimates were hampered by relatively low
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abundance of young Colorado pikeminnow during this investigation. Because few fish were captured,
estimates were imprecise and reliable overwinter survival estimates could not be made. The fish
bioenergetics analysis showed that in some circumstances, increased activity can reduce overwinter
survival of young Colorado pikeminnow. Consequently, the bioenergetics analysis could not exclude the
hypothesis that stage fluctuations caused by Flaming Gorge Dam operations influence overwinter survival
of age-0 Colorado pikeminnow.

The effect of Flaming Gorge Dam on fish activity remains unknown because we were not able to
observe changes in fish activity in response to flow fluctuations. For age-0 Colorado pikeminnow, winter
conditions produce a negative energy balance where the costs of survival are greater than the energetic
gains realized by food consumption. If it can be shown that the operation of Flaming Gorge Dam
increases activity of age-0 Colorado pikeminnow in the Green River, then further evaluations should be

conducted to determine the likelihood that natural mortality rates are affected.

CONCLUSIONS

Overwinter Survival and Movement of Young-of-Year Colorado Pikeminnow

. Population estimates for the 40-mile reach were imprecise; CV ranged from 0.25 to 0.59. The
imprecision is the direct result of not catching, marking, and recapturing enough fish. Colorado
pikeminnow young-of-year population densities, as measured by ISMP, were one-tenth the
densities during the three years of this study compared to the 13 years prior to the study.

. Overwinter survival estimates could not be made because population estimates were too
imprecise. Size-selective overwinter mortality does occur among young-of-year Colorado
pikeminnow, but does not necessarily occur every winter.

. Young Colorado pikeminnow moved only short distances both within autumn and spring

sampling and between autumn and spring sampling. Within autumn and spring sampling, 95% of
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the recaptured young Colorado pikeminnow were within the same 5-mile section where they were
originally marked.

. Overwinter movement (between autumn and spring sampling) was about 3 miles or less.

. Young Colorado pikeminnow apparently make local movements on a diel basis in response to
environmental conditions.

. We were unable to draw conclusions about whether typical winter flow operations at Flaming
Gorge Dam affected overwinter survival of young-of-year Colorado pikeminnow. Survival could
not be estimated because population estimates of the fall and the following spring were too
imprecise and the level of winter flow fluctuations may have been too low to affect survival.

. Ice jams were observed in the Ouray Backwater Complex that resulted in stage changes up to
0.75-1.50 m and transformed backwaters into flow-through environments.

. Prior to ice formation, seining was the most efficient method for catching age-0 Colorado
pikeminnow. All gear types including baiting traps and using neon lights were ineffective in
capturing young Colorado pikeminnow under ice. The most effective technique for under ice
sampling was an underwater camera and video cassette recorder. Diurnal, nocturnal, and
crepuscular fish activity were observed, and total number were counted over a 6 to 8 h time

frame.

Movement Rates under Simulated Winter Conditions

. The temperature-dependent response of fish movement in the absence of disturbance
(spontaneous) was best approximated by an exponential model with the form y = 0.0895¢"!%**

where y is body lengths/s (bl/s) and t is temperature (°C).

. Activity declines exponentially with temperature, but young Colorado pikeminnow remain active

during winter, even when water temperatures approached 0°C.
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Bioenergetics Model Component

. Bioenergetics modeling predictions indicated that overwinter survival of age-0 Colorado
pikeminnow may be negatively affected if fish activity increases in response to physical or
natural changes in the environment. When activity rates were spontaneous or 0.5 bl/s, 35-, 45-,
and 60-mm TL fish survived to the end of the winter period. When activity was 1.0 bl/s fish did
not survive to the end of the winter period regardless of size.

. Simulations showed that fish mass and condition consistently decline when water temperatures
are below 5°C.

. Mass and condition of fish decline faster when activity is increased because energetic reserves
must be used to offset the cost of higher metabolic rate.

. Data describing fish growth and food consumption rates during winter are potentially useful for
additional confirmation of the accuracy of bioenergetics model predictions. Required data are
repeated measurements of mass (to nearest 0.01g) and total length (to nearest 1 mm) of individual

fish before and after the winter period.

RECOMMENDATIONS

. Effects of stage fluctuations on overwinter survival could not be evaluated in this study, but the
bioenergetics modeling predictions indicates that overwinter survival of age-0 Colorado
pikeminnow may be negatively affected if fish activity increases in response to natural or
physical changes in the environment. For age-0 Colorado pikeminnow, winter conditions
produce a negative energy balance, where the costs of survival are greater than the energetic gains
realized by food consumption. Ifit can be shown that the operation of Flaming Gorge Dam
increases activity of age-0 Colorado pikeminnow in the Green River, then further evaluation

should be conducted to determine the likelihood that natural mortality rates are affected.
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Because inadequate numbers of young-of-year Colorado pikeminnow were captured during this
three year study, we recommend investigators review fall Interagency Standardized Monitoring
Program catch data to determine if winter sampling would be feasible before initiating future
winter studies .

Ice jams in the Ouray Backwater complex were observed which increased stage levels and
inundated nursery habitats. Past research indicates ice jams occur periodically, but frequency is
unknown. We recommend selecting backwaters in the vicinity of documented ice jam locations,
and monitoring magnitude and duration of stage fluctuations as result of winter flows or ice jams.
Ice jams may be a contributing factor affecting overwinter survival.

All sampling gears used under the ice were ineffective, except the underwater camera. We
recommend the use of an underwater camera under ice cover be further evaluated as a sampling

tool.
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EXECUTIVE SUMMARY

Winter flows in the middle Green River nursery area consist primarily of releases from
Flaming Gorge Dam. Several investigators have hypothesized that winter operations of Flaming
Gorge Dam influence age-0 fish survival. As power demands increase, higher flows inundate
nursery backwater habitats and transform them into unsuitable flow-through areas. It has been
speculated that fluctuating winter flows may dismantle ice cover which acts an insulator, allow
the creation of frazil ice, and may result in ice jams that increase river stage and inundate
backwaters. As a result, each of these additional stressors may impact overwinter survival of
young Colorado pikeminnow by causing the fish to redistribute to more suitable habitats at a
time that is very costly bioenergetically. However, the effects of flow fluctuations on overwinter
fish survival and nursery habitats have not been demonstrated in the field.

Previous studies in the Green River nursery area have shown that population estimates
can be made in 20-mile reaches of river, but that accuracy of overwinter survival estimates is
suspect, because of unknown immigration and emigration of fish to and from the study area.

This study attempted to use capture-recapture procedures to estimate overwinter survival and
movement of age-0 Colorado pikeminnow and relate the observed responses to stage fluctuations
in the Green River induced by hydropower operations at Flaming Gorge Dam. The following
objectives were developed for the study.

1) Determine if overwinter survival of age-0 Colorado pikeminnow is affected by winter

operations of Flaming Gorge Dam.
2) Determine if backwater habitats are physically affected by fluctuating releases from

Flaming Gorge Dam during winter.
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3) Determine if fish movements in winter are related to fluctuating releases from
Flaming Gorge Dam.

4) Evaluate the assumptions of overwinter survival estimates and specifically determine

how Colorado pikeminnow movements affect these estimates.

5) Evaluate alternative methods for collecting age-0 Colorado pikeminnow in

backwater, embayment, eddy, and main-channel shoreline habitats during the winter.

Over the three year period of this study, a total of 732 young Colorado pikeminnow were
captured, 404 were marked and released (fish captured on the last pass during spring sampling
were not marked), and 38 fish were recaptured. Population estimates were made that averaged
26 fish per river mile, with coefficients of variation (CV) that ranged between 0.25 and 0.59.
The imprecision of our estimates was the direct result of not catching enough marked fish.
Unfortunately, during the three years of this study, age-0 Colorado pikeminnow were only one-
tenth as abundant as the average for the previous 13 years. As a result of the imprecision of the
population estimates, we were unable to make overwinter survival estimates.

Age-0 fish marked in autumn and recaptured the following spring generally moved less
than 10 miles downstream after being at large for 170 to 200 d. This result is consistent with
other studies and gives us confidence that rate of movement between autumn and spring will not
bias estimates of overwinter survival for a 40-mile reach, but it could be a problem for reaches
less than 40 miles.

A number of techniques were attempted to sample for young Colorado pikeminnow
under the ice that included seining, minnow traps, clover traps, fyke nets, and an underwater

camera. The most effective approach was the use of an underwater camera and video cassette
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recorder. It allowed us to observe diurnal, nocturnal, and crepuscular patterns, swimming
speeds, and activity levels of fish. Twenty-six hours of video showed 1,973 fish, of which one or
two were suspect Colorado pikeminnow. With more experience, investigators can learn to
identify the fish with more certainty.

This study was unable to show whether or not typical winter flow operations at Flaming
Gorge Dam to meet hydropower needs influenced overwinter survival of young Colorado
pikeminnow. Several investigators have hypothesized that winter operations of Flaming Gorge
Dam reduce age-0 fish survival because fluctuating discharge and associated changes in water
surface elevation modify the characteristics of nursery habitats which causes an increase in fish
activity (Carlson and Muth 1989; U. S. Fish and Wildlife Service 1992; Valdez et al. 1999;
Haines et al. 1999). A 24-hour hydropower release from Flaming Gorge Dam during this study
usually fluctuated about 600 to 800 cfs, producing stage changes at the Jensen gage of <0.1 m
(93 miles downstream of Flaming Gorge) and about <0.01 m at the Ouray bridge. These stage
changes had only minimal affect on backwater habitats and were limited to the upper end of the
nursery area. These flow fluctuations did not alter physical morphology of backwaters studied in
the Ouray Backwater Complex. However, the formation of ice jams, as observed in the
1999-2000 winter, had far greater affect on backwater nursery areas, increasing stage by 0.75-
1.50 m, and resulting in the transformation of many backwater habitats into flow-through areas.
The role of fluctuating winter flows from Flaming Gorge Dam in the creation of ice jams is
unclear to us. Some investigators have speculated that fluctuating winter flows may dismantle
ice cover which acts an insulator, allow the creation of frazil ice, and may result in ice jams.

However, a more recent study found that fluctuating winter flows from Flaming Gorge Dam



during the winter of 1996—1997 did not dismantle ice cover or promote formation of frazil ice
and ice jams. Whatever the cause, it is likely that ice jams form at several locations on the
middle Green River nursery area in most years.

As a result of stage changes, ice jams, and frazil ice formation, young fish redistribute to
more suitable habitats. Young Colorado pikeminnow prefer low-velocity backwater habitats,
and when these habitats are inundated, the fish abandon them and move to other low-velocity
habitats, sometimes to other backwaters several miles away and sometimes to low-velocity
micro-habitats within close proximity of the inundated backwater from which they re-inhabit
once the stage recedes.

When stage changes inundate nursery habitats and transform them into flow-through
environments, resident fish are flushed into the surrounding system and incur increased risk of
injury, predation, and metabolic costs associated with the search for another suitable nursery
area. Body weight and condition decline faster when fish activity is increased because energetic
reserves must be used to offset the cost of higher metabolic rate. The result may be higher

overwinter mortality.
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INTRODUCTION

The Colorado pikeminnow (Ptychocheilus lucius) is the largest native minnow in North
America and an endemic species in the Colorado River basin. Historically, it was once widely
distributed in the upper and lower Colorado River basins, but now the population range has been
reduced by 80 percent. Construction of mainstem impoundments, which altered historic flows
and temperature regimes, and the introduction of nonnative predators are believed to have
reduced the Colorado pikeminnow population (Tyus 1991a; Tyus and Haines 1991; Irving and
Modde 2000). By the 1970's, the Colorado pikeminnow was extirpated in the lower basin
(Minckley 1973), but natural populations of Colorado pikeminnow continue to persist in the
northern portion of its historical range. The greatest numbers are found in the Green River
subbasin (Tyus and McAda 1984; USFWS 1990; Tyus 1991a).

In the Green River, Colorado pikeminnow migrate in June and July to two spawning
sites, Yampa Canyon and Gray/Desolation Canyon, where they spawn over cobble substrate
(Tyus 1990). Newly hatched larvae drift downstream to one of two nursery areas in alluvial
reaches of the Green River (McAda et al. 1998; Tyus and Haines 1991), one downstream of the
Yampa Canyon spawning site in the middle Green River (RM 200-319), and the other
downstream of the Gray/Desolation Canyon site in the lower Green River (RM 0-120). The
numbers of age-0 Colorado pikeminnow in the nursery areas varies greatly from year to year. In
the middle Green River between 1986 and 1997 catches ranged from near zero to 1.9 fish per
10m? seined (average = 0.4), and in the lower Green River for the same time period catches
ranged from near zero to 5.6 fish per 10m? seined (average = 1.4; McAda et al. 1998). Age-0

Colorado pikeminnow occupy low-velocity backwater habitats and may have only two or three
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months to grow and accumulate fat reserves before entering their first winter (Thompson et al.
1991).

Overwinter survival during first year of life is a primary factor determining year-class
strength of most temperate zone fishes (Garvey et al. 1998), including Colorado pikeminnow
(Haines et al. 1998). Winter is a period of reduced growth, depletion of energy, and heightened
mortality risk. Small changes in the rate of growth or mortality of larvae and juvenile have been
shown to substantially impact population recruitment (Houde 1987; Bestgen et al. 1997).

The effects of stage fluctuations induced by hydropower operations of Flaming Gorge
Dam, should they exist, are presumed much greater at the nursery area in the middle Green River
(91 miles below the dam) than in the lower Green River (290 miles below the dam). Winter
flows in the middle Green River consists primarily of releases from Flaming Gorge Dam, and it
has been hypothesized by several investigators that winter operations influences age-0 fish
survival (Carlson and Muth 1989; U. S. Fish and Wildlife Service 1992; Valdez et al. 1999;
Haines et al. 1998). As hydropower demands increase, higher flows may inundate nursery
backwater habitats and transform them into unsuitable flow-through areas. It has been
speculated that fluctuating winter flows may dismantle ice cover which acts as an insulator,
allow the creation of frazil, and may result in ice jams that increase river stage and inundate
backwaters (Valdez and Cowdell 1999). As a result, each of these factors may contribute
additional stress to the overwinter survival of young Colorado pikeminnow by causing the fish to
redistribute to more suitable habitats at a time that is very costly bioenergetically. However, the
effects of flow fluctuations on overwinter fish survival and nursery habitats, should they exist,

have not been demonstrated in the field.
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Previous studies in the Green River nursery areas (Haines and Modde 1996; Haines et al.
1998) have shown that population estimates can be made in 20-mile reaches of river, but that
accuracy of overwinter survival estimates is influenced by environmental conditions and fish
movement into or out of sample reaches during winter. Obtaining accurate estimates of
overwinter survival of age-0 Colorado pikeminnow is critical to understanding the life history of
the species, modeling population dynamics, and determining the factors affecting survival to
protect the species and its habitat. Capture-recapture population estimation is the best means for
estimating abundance of age-0 Colorado pikeminnow because, unlike catch per unit of effort, it
can account for the influence of environmental factors that may affect capture probabilities. In
addition, capture-recapture can be used to estimate rates of immigration and emigration.

This study attempted to use capture-recapture procedures to estimate overwinter survival
and movement of age-0 Colorado pikeminnow and relate the observed responses to stage
fluctuations in the Green River induced by hydropower operations at Flaming Gorge Dam. The
following objectives were developed for this study.

1) Determine if overwinter survival of age-0 Colorado pikeminnow is affected by winter

operations of Flaming Gorge Dam.
2) Determine if backwater habitats are physically affected by fluctuating releases from
Flaming Gorge Dam during winter.

3) Determine if fish movements in winter are related to fluctuating releases from
Flaming Gorge Dam.

4) Evaluate the assumptions of overwinter survival estimates and specifically determine

how Colorado pikeminnow movements affect these estimates.
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5) Evaluate alternative methods for collecting age-0 Colorado pikeminnow in

backwater, embayment, eddy, and main channel shoreline habitats during the winter.

STUDY AREA

The Green River, largest tributary of the Colorado River, originates in the Wind River
Range of Wyoming and flows southward through the states of Utah and Colorado before
entering the Colorado River 60 miles downstream of Moab, Utah. Flows of the Green River
have been regulated since October 1962 by the operation of Flaming Gorge Dam. The dam has
altered seasonal flow patterns and water temperatures, increased daily fluctuations in flows and
river stages, and reduced sediment loads (Hayse et al. 2000). Our study area was located in the
middle Green River, 119 miles downstream from Flaming Gorge Dam, in a low gradient alluvial
reach that serves as an important Colorado pikeminnow nursery area (Tyus and Haines 1991,
McAda et al. 1994, Haines et al. 1998). The study reach extended from Bonanza Bridge at river
mile (RM) 289 to Ouray Bridge at RM 249 (Figure 1). The alluvial section was characterized as
low gradient, consisting predominately of sand and silt substrates (Haines and Tyus 1990, Tyus
and Haines 1991, McAda et al. 1994, Haines et al. 1998). During the winter ice-cover period,
field work was confined to Ouray National Wildlife Refuge (NWR) between RM 250 and 260.
This 10-mile section was selected because it was a known concentration of young-of-year
Colorado pikeminnow (Tyus and Haines 1991, McAda et al. 1994) and accessible by road during

the winter. We call this 10-mile reach the Ouray Backwater Complex (Figure 2).

A-4



METHODS
Capture and Marking of Young-of-Year Colorado Pikeminnow

Abundance estimates of young-of-year Colorado pikeminnow in autumn and the
following spring were determined using capture-recapture population estimation methods (Otis
et al. 1978, Seber 1982, Haines and Modde 1996, Haines et al. 1998). Our original study plan
called for three sampling passes between Bonanza Bridge and Ouray Bridge, the 40-mile reach.
However, various problems required plan modification. In the fall of 1999, catch data from the
Interagency Standardized Monitoring Program (ISMP) and preliminary sampling by our office
showed low numbers of young-of-year Colorado pikeminnow in the middle Green River,
suggesting we would not catch enough fish to make a population estimate. As a result, sampling
was confined to the Ouray Backwater Complex for fall 1999 and spring 2000, giving us the best
opportunity to obtain recaptures. Population estimates were made for two backwaters in this
reach The entire 40-mile study reach was sampled in fall and spring, 2000, 2001, and 2002,
although three passes were completed only once, and two passes on all other occasions.

A sampling pass consisted of seining all backwaters >30 m” in area within this reach.
Backwaters were defined as shallow ephemeral embayments adjacent to the main river channel
with no measurable water velocity. Occasionally we also seined the shallow, low velocity,
shoreline areas in the main channel adjacent to backwater habitats. Three different seine sizes
were used: small seine, 4.5-m long x 1.9-m deep with 4.0-mm bar mesh; medium seine 9.0-m
long x 1.9-m deep with 4.0-mm bar mesh; and large bag seine, 18-m long x 1.9-m deep with 4.0-
mm bar mesh. For most backwaters, between 70 and 100% of the total surface area was seined.

A few backwaters were large and deep, and only about 50% of the total area could be seined.
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Catch per unit effort (CPUE) was calculated by considering the backwater as the primary
sampling unit and defining CPUE as the number of Colorado pikeminnow captured per seine
haul. Catch per unit effort for a single pass of all backwaters was estimated by averaging CPUE
of each backwater for that pass.

All Colorado pikeminnow <100 mm total length (TL) were marked and released. The
fish were placed into 20-L buckets filled with river water during seining. All pikeminnow were
anesthetized with 100 mg/L aqueous solution of MS-222 and marked with syringe-injected
elastomer (Northwest Marine Technology, Shaw Island, Washington). An attempt was made to
record total length for all pikeminnow captured during each sampling pass. All fish were
allowed to recover in a 20-L bucket of river water for 20 to 30 min before they were released
into the backwater of origin.

Length-frequency histograms were constructed for each sampling season to examine size
distributions between seasons (autumn versus spring). A Kolmogorov-Smirnov two-sample test
was used to determine if there were significant differences between fall and spring length-
frequency distributions. Mean total lengths in the fall versus mean total lengths in the spring

were analyzed with a t-tests to determine if there were significant differences between samples.

Parameter Estimates

Abundance estimates for young-of-year Colorado pikeminnow in autumn and spring for
each year were computed using the population estimators in the computer program CAPTURE
(White et al. 1982). These estimators assume: 1) the population is closed; 2) all individuals in

the population have an equal probability of capture; 3) animals do not lose their marks during
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each pass, nor is there differential mortality of marked and unmarked fish; and 4) marked
animals are distinguished from unmarked animals (Otis et al. 1978). The second assumption,
equal probability of capture, was the most difficult to satisfy because capture probability can
vary among sample passes and individuals. Fortunately, program CAPTURE has abundance
estimation models that detect and explicitly model recapture data for heterogeneity, behavioral,
and time varying probabilities of capture (White et al. 1982). In this study, our recapture data
was very sparse and we could not use the model selection procedure available in CAPTURE
(i.e., not enough data to give reliable tests of the differing assumptions). Thus, we decided to use
the Darroch (M,) estimator because we know from previous studies that probability of capture
changes with water temperature and thus from pass to pass (Haines et al. 1998). The Darroch
estimator allows probability of capture to vary among sampling passes. The model gives
maximum-likelihood estimates of population size, probability of capture for each pass, and

profile likelihood confidence intervals.

Overwinter Size-Selective Mortality

Size-selective overwinter mortality was evaluated by comparing length-frequency
distributions and quantile-quantile (q-q) plots of the same cohort collected in the fall (age-0) and
following spring (age-1), using methods similar to Post and Evans 1989, Converse et al. 1997,
Post et al. 1998, and McAda and Ryel 1999. To differentiate the youngest cohort from older
fish, we followed Converse et al. (1997) and assumed the largest age-1 Colorado pikeminnow in
March would be 80 mm. Therefore, pikeminnow > 80 mm TL were considered juveniles and

excluded from the analysis.
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The quantile plots were constructed by ranking the TLs from smallest to largest and
assigning each to one of nine cumulative percentiles: 1, 5, 10, 25, 50, 75, 90, 95, and 99%. The
fall quantile distribution was plotted on the x-axis and spring quantile distribution was plotted on
the y-axis. The relationship was analyzed using linear regression to compute a regression
coefficient (slope) and y-intercept. A t-test was used to determine if the slope differed from one
and y-intercept differed from zero at P<0.05. Interpretation of the g-q plots and t-tests followed
Post and Evans (1989), who described the results of various scenarios of overwinter growth and
size-selective mortality.

For the length-frequency distributions, mean TL in the fall versus mean TL in the spring
were analyzed with t-tests to determine if they were significantly different, and a Kolmogorov-
Smirnov two-sample test was used to determine if the shape of the distributions were equal.

A winter severity index was calculated for each winter using the technique described by
Hayse et al. (2000). Air temperature data was acquired from Ouray NWR to calculate daily
average air temperature for each day; then average air temperature was subtracted from 0°C to
determine number of freezing degree days for each day. Winter severity was computed by
totaling the number of freezing degree days (accumulated freezing degree days, AFDD) for each
winter period (November through March) (Hayse et al. 2000). The winter severity index was
determined by the maximum AFDD that occurred during the winter; the greater the number, the

more severe the winter.
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Movement

Y oung-of-year Colorado pikeminnow marked on each sampling pass were used to study
movement patterns. The 40-mile reach was divided into eight 5-mile sections. Different colors
(i.e., red, orange, yellow, green) and mark locations (i.e., base of the anal fin, left or right side of
the dorsal fin, posterior or anterior of the dorsal fin) were used to distinguish fish among
sampling passes and 5-mile sections. The unique marks used to identify specific backwaters in
the Ouray Backwater Complex in 1999 and 2000 are given in Table 1, and the marks used to
identify 5-mile sections within the 40-mile reach are given in Table 2. When a fish was
recaptured, the marks allowed identification of the section or backwater where that fish was
originally captured and the number of days at large.

Histograms were developed to provide an overview of the longitudinal seasonal
distributions of young-of-year Colorado pikeminnow captured within the 40-mile reach. In
addition, the histograms also provided visual representations of year-to-year variation in
numbers. Significant differences between the distribution of fish captured in fall and spring

were analyzed with Kolmogorov-Smirnov two-sample tests.

Winter Sampling Under Ice

Each winter, two or three backwaters in the Ouray Backwater Complex were selected for
under-ice sampling of young Colorado pikeminnow for the purpose of determining if the fish
were using these habitats and if we could catch them. Selection criteria were based on
accessibility and the presence of young Colorado pikeminnow during fall sampling. A number

of sampling techniques were tried, including fyke nets, clover traps, minnow traps, and seines.
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Four or five holes were made in the ice using an ice auger and chain saw. Minnow traps and
fyke nets were placed near the mouth and mid-section of the backwater and left overnight. To
increase capture efficiency, some traps were baited 